In this paper the use of double-layers walls for shielded enclosures is proposed to increase the shielding effectiveness of them. The effect of distance between two layers and the offset between two apertures in the shielding effectiveness is investigated. The usefulness of inserting a box between two layers around apertures is also presented. To analyze enclosures with double-layers wall, the eigenvector expansion and the Bethe's approximation have been used.
Introduction:
Present day electromagnetic compatibility (EMC) rules of electric devices increase the importance of a careful design of shielding enclosures. Electromagnetic shielding is one of standard approaches that prevent coupling of undesired radiated electromagnetic energy into equipment otherwise susceptible to it. The ability of an enclosure to do this is characterized by its shielding effectiveness (SE), defined as the ratio of field strengths in the presence and absence of the enclosure. The efficiency of shielding enclosures is compromised by slots and apertures for heat dissipation, cable penetration, peripherals and displays. Shielding effectiveness can be calculated by numerical simulation or by analytical formulations. Although, numerical methods are good at predicting the SE of a particular enclosure, it is difficult for designers to use them to investigate the effect of design parameters on SE. Numerical methods that have been used to calculate shielding include transmission-line modeling (TLM) [1] , finite difference time-domain (FDTD) method [2] , and method of moments (MOM) [3] . Analytical formulation provides a much faster means of calculating shielding effectiveness, enabling the effect of design parameters to be investigated. Many of these are derived from Bethe's approximation of diffraction through holes [4] and apply only to electrically small apertures. Other formulations are derived from a power-balance method [5] and the widely quoted formula [6] . Other method to predicting the SE is considering the enclosure as a waveguide and assuming only a single mode of propagation (the TE10 mode) [7] . Radiation from slots and apertures is usually decreased with electromagnetic gasketing and using very conductive and thick walls. In this paper, we propose using doublelayers walls for enclosures to decrease the radiation from apertures and so to increase the SE. 
2.Analysis of Enclosures With Double-Layers Wall:
In this section, the enclosure with double-layers wall is analyzed. To analyze enclosures with double layers wall, the eigenvector expansion [8] and Bethe's approximation [9] are used. Consider as depicted in Fig. 1 a rectangular enclosure with double-layers wall with dimensions of a, b, c. The distance between two layers is c0 and there is an aperture on each layer. All walls have been assumed to be very thin perfect electric conductor. As a source, we use an x-directed thin electric dipole of length 2l witch its center is located at (x0, y0, z0). The current on this dipole is approximated as follows
Where I0sin(kl) is the current at the center of dipole. In this type of enclosures, the shielding effectiveness can be obtained in three following steps. 2 but radiating in free space. To obtain En and Ht in the center of apertures in steps 1 and 2, the interior problem of enclosure can be solved by eigenvector expansion method [8] . In this method, the enclosure has been considered ideal, i.e. consisting of a lossless medium, perfectly conducting walls and without any aperture. Also, the dipole moments in step 2 and 3 are given by
Example and Results:
In this section, the usefulness of using double-layers walls for enclosures is verified. Consider a cubic box with side of 50 cm and with two 2×1 cm2 apertures in the center of two layers of one of the walls. From  Fig. 2 , one sees that the SE is increased by increasing the distance between two layers. Table 1 gives us, the SE in two resonance frequencies (424 and 735 MHz) and in two non-resonance frequencies (300 and 600MHz) for different value of c0. We see that, adding the second layer with 5 mm distance from the first layer to the enclosure wall, SE has been increased 20 and 18 dB in two resonance frequencies and approximately 17 dB in two non-resonance frequencies. Therefore one may conclude that the effect of using double wall in resonance frequencies is more than that in nonresonance frequencies. We can displace two apertures of two layers with respect to each other. Fig.  3 shows the obtained SE of the above enclosure for different values of the offset between two apertures, where the aperture No. 2 is fixed in center of second layer and the position of aperture No. 1 is varied (5 cm in directions x and y). It is seen that the SE has been increased with offset at each direction. The offset in both directions increases SE more than the offsets in one direction. Now the effect of inserting a box between two layers around apertures is studied. Fig.4 depicts the geometry of the rectangular enclosure with double wall and a box between two layers around apertures. Fig. 5 , shows the obtained SE of the above enclosure for different values of the dimension of box between two layers. It is seen that the SE has been increased with increase the dimension of box. The maximum SE obtain when the dimension of box is equal to the dimension of the enclosure wall. From the above concepts, it is concluded that as the hollow volume between two layers increases, the SE increases. 
Conclusions:
An idea has been proposed to decrease the radiation from the apertures locating on the wall of the enclosures. In this idea, double-layers conductive plates are used as the wall of the enclosures. The shielding effectiveness (SE) for such enclosures is dependent to the distance between two walls and the offset between two apertures. Increasing the distance between two layers and/or the offset between two apertures increases the SE. This advantage is more obvious in the resonance frequencies.
